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A gradient analysis and selection of key ecological species for veld management in a 
degraded environment near Villa Nora, north-western Transvaal, South Africa 
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An indirect gradient analysis was carried out on vegetation and environmental data collected in a disturbed area of 
the Mixed and Arid Sweet Bushveld near Villa Nora, north-western Transvaal. Vegetation ordination axes were 
correlated with environmental variables deduced to have influenced plant species composition. Soil type proved to 
be the most significant variable, followed by bush density and canopy cover. Herbaceous species most responsive 
to the discerned gradients were selected as key ecological species using multiple regression analysis. These 
species are useful indicators of habitat type and range condition. 
'n Indirekte gradientanalise is op plantegroei- en omgewingsdata van 'n versteurde gebied in die Gemengde- en 
Dorre Soet-Bosveld naby Villa Nora, Noord-wes-Transvaal, uitgevoer. Die hoofomgewingsgradiente wat die 
samestelling van die kruidlaag be"lnvloed, is ge"ldentifiseer deur plantspesiesamestellingsdata te orden Em te 
korrelleer met omgewingsfaktore. Grondtipe was die belangrikste omgewingsfaktor wat spesiesamestelling 
be"lnvloed het, gevolg deur bosdigtheid en kroonbedekking. Die kruidspesies wat die sensitiefste teenoor die 
gradiente gereageer het, is met behulp van meervoudige regressieanalise as ekologiese sleutelspesies geselek-
teer. Die spesies dien as waardevolle indikators van habitattipe en veldkondisie. 
Keywords: Gradient analysis , indicator species, degraded environment, veld management, soil type, bushveld . 
• To whom correspondence should be addressed. 
Introduction 
Gradient analysis IS useful for determining plant species 
reactions to environmental parameters (Hacker 1983; Walker 
1988). For veld management in arid and semi-arid regions it is 
important to know what plant species are most sensitive to the 
main environmental parameters affecting veld composition and 
thus veld condition and grazing capacity (Peel 1990; Becker-
ling & Trollope 1992). A knowledge of these species can 
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greatly simplify the task of vegetation monitoring which is 
central to the philosophy of Adaptive Management (Holling 
1978; Walters & Hilborn 1978) that is generally recommended 
for veld management in semi-arid rangelands (Grossman 
1988). Considerable work has been done on gradient analysis 
and the selection of indicator plant species (Bosch & Janse van 
Rensburg 1987; Willis & Trollope 1987; Walker 1988; Hardy 
& Hurt 1989; Janse van Rensburg & Bosch 1990; Beckerling 
& Trollope 1992; Nel et al. 1993) but no emphasis has been 
placed on species reactions to gradients in severely degraded 
environments. 
The objective of the present study was to test for possible 
gradients in a severely degraded environment for the main 
parameters effecting herbaceous composition and to select key 
species sensitive to these gradients and analyse their relevance 
to veld management. 
In the semi-arid savanna regions of southern Africa, avail-
able soil moisture, which is principally dependent on rainfall 
but also on soil type and woody/grass ratio, has the greatest 
effect on trends in herbaceous composition, while stocking rate 
has a modifying effect (O 'Conner 1985; Walker et al. 1986; 
Snyman 1989; Peel 1990). In the present study, gradients in 
soil type, tree density (woody/grass ratio), game utilization 
(stocking rate), canopy spread and basal cover were sought. It 
was not possible to identify a rainfall gradient since data were 
collected over one season only and the rainfall pattern over the 
study area was approximately uniform. 
Study area 
The study area comprises Rhino Ranch, a 2066-ha game ranch 
situated approximately 40 km east of Ellisras, about 2 - 3 km 
from Villa Nora. The area is situated between 28°00' and 
28°05'E longitude and 23°30' and 23°34'S latitude, in the 
transition zone between Arid Sweet Bushveld and Mixed Bush-
veld (Acocks 1988; veld types 14 and 18, respectively) . The 
herbaceous vegetation is severely degraded due to several years 
of drought and overutilization by cattle and game (Schmidt 
1992). 
The altitude of the study area ranges from 880 m in the 
north to 920 m in the south. The topography is flat with a slope 
of less than 2°. Several non-perennial streams drain from the 
study area into the Lephalala River which is 6 - 7 km to the 
east. The rock substrate belongs to the Bushveld Complex and 
is represented by the Rustenburg Layered Suite, which consists 
of anorthosite and gabroid rock, and the Lebowa Granite Suite, 
which consists of coarse-grained granite (Vander Walt 1978; 
South African Committee for Stratigraphy 1980). The anortho-
site and gabroid rock has weathered to form deep clay soils of 
the Hutton and Arcadia soil forms and the coarse-grained 
granite has weathered to form shallow, relatively sandy, soils 
of the Mispah soil form (Schmidt 1992). A narrow diabase 
dyke runs below a small section of the coarse-grained granite 
(Van der Walt 1978). 
The mean annual rainfall for the Villa Nora rainfall station 
(station No. 0675 1829; 28°07'E and 23°32'S; 844 m) for the 
period 1909 - 1990 is 437.8 mm (Weather Bureau, Department 
of Environment Affairs, Pretoria). The wet season has its peak 
rainfall in January while the dry season stretches from April to 
October. The daily mean minimum and maximum temperatures 
are 6.4 and 32.9°C, respectively. Extreme temperatures are 
probably of the order of 39.6 and -3.8°C (Coetzee 1971). 
Methods 
Species composition data were collected in March 1989 in 46 
random sample plots used for a Braun-Blanquet survey (Schmidt 
et ai. 1993). The plots appeared to take all observable variations 
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into account. Each Braun-Blanquet plot (10 m X fO m) was 
divided into 20 sub-quadrats of size 10 m2 (2 m X 5 m). The 
occurrence of species recorded during the Braun-Blanquet survey 
was noted in each sub-quadrat and their percentage frequency was 
calculated. 
The frequency data were summarized in a samples-by-species 
matrix and subjected to ordination using an indirect gradient 
analysis, Reciprocal Averaging (RA) (Hill 1979). The first and 
second axes of the ordinations were analysed for environmental 
gradients and a possible degradation gradient by correlating the 
sample site scores (RA coordinates) for each axis with the 
following parameters recorded at each sample site (Schmidt 1992): 
canopy spread, total tree density, seedling tree density, distance of 
sample sites from permanent water, basal cover and soil type. 
Spearman's correlation analysis was used for the quantitative 
habitat data since this analysis has been used successfully by 
many workers to determine the relationship between detrended 
correspondence analysis transformed data and concurrently meas-
ured environmental variables (Walker 1988). For the qualitative 
and semi-quantitative habitat data of soil type and basal cover, 
Kendall's correlation analysis (Hamburg 1985) was used in addi-
tion to the plotting of data directly onto the first two axes of the 
ordination to visually assess trends (Bosch & Janse van Rensburg 
1987) . 
In situations where environmental gradients were discemable 
from the above analysis, key ecological species were selected 
using the procedure followed by Beckerling and Trollope (1992). 
In this procedure, stepwise multiple regression analysis is used to 
select those species which contribute most to the sample site 
scores of the axes along which gradients are recognized. The 
percentages of frequency of the different herbaceous species are 
the independent variables and the sample site score is the 
dependent variable. The criterion for the selection of the key 
species is that the species are included in order of their 
contribution to the sample site score until the coefficient of 
determination for the regression model is above 90 percent. 
The correlation between the selected species and the environ-
mental parameter to which they were sensitive was also investi-
gated using Spearman's correlation analysis (Hamburg 1985). This 
was done to establish whether the correlation was significantly 
positive or negative. 
To illustrate the responses of the selected species to the main 
environmental gradient, the percentages of frequency of the 
species were plotted against the sample site scores. The data were 
then smoothed with a seven-point moving average and a poly-
nomial curve was fitted (Statistical Graphics Corporation 1986). 
Results and Discussion 
The ordination produced from the reciprocal averaging done on 
the percentage frequency data of all the plots in the study area 
is given in Figure 1. The most noticeable features of this 
ordination are the separation of three soil forms along the first 
axis with an eigenvalue of 0.559 and the separation of the plots 
sampled on the pans from the rest of the plots along the second 
axis with an eigenvalue of 0.485. Axis 1 can therefore be inter-
preted as a soil texture gradient and axis 2 as a soil moisture 
gradient. 
The data collected in the pans have a large impact on the 
position of the plots along axis 2 of the ordination represented 
in Figure 1. The grasses which had the greatest effect on the 
ordination were Eragrostis rotifer and Diplachne eleusine 
(Table 1). Both these species were abundant in the pans. The 
most important non-grasses affecting the position of plots 
along axis 2 were Hermbstaedtia linearis and Mariscus 
indicorus. Mariscus indicorus was found exclusively in the 
pans while Hermbstaedtia linearis was absent from them. 
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Figure 1 First and second axes of the Reciprocal Averaging 
Ordination of all sample sites on the three soil forms of Rhino 
Ranch, north-western Transvaal, using species frequency data 
collected during March/April 1989. (Eigenvalues: axis I: 0.559; 
axis 2: 0.485.) 
Although Eragrostis rotifer and Diplachne eleusine had the 
major effect on the positioning of plots along axis 2, all the 
species considered had a P-value of less than 0.001. This is 
probably because the pans were mostly characterized by exclu-
sive species or by the absence of otherwise ubiquitous species. 
The exclusion of the pan samples from the reciprocal aver-
aging did not severely alter the position of the plots along the 
first axis of the ordination (Figure 2). Axis 1 of this ordination 
still represents a soil texture gradient (Table 2). The most 
noticeable feature of the ordination is the grouping of the red-
soil sample plots to the lower end of axis 2. Axis 2 therefore 
probably represents some form of soil chemical gradient. 
The herbaceous species which had the greatest effect on the 
ordination of the soil texture gradient along axis 1 in Figure 2 
were the grasses Eragrostis rigidior, Melinis repens, Panicum 
maximum, Schmidtia pappophoroides and Tragus bertero-
nianus, and the forbs Melhania acuminata, Hermbstaedtia 
linearis and Hibiscus micranthus (Table 1). The trend in 
relative abundance of these species along the soil texture 
gradient is given in Figures 3 and 4, together with the trend of 
several other abundant, but less important, species. Tragus 
berteronianus and Hermbstaedtia linearis were indicative of 
clay soils while the other species favoured the more sandy 
soils. Eragrostis rigidior, Melinis repens, Schmidtia pappo-
phoroides and Melhania acuminata were more common on the 
shallow sandy soils of the Mispah soil form while Panicum 
maximum and Hibiscus micranthus were more common on the 
deeper soils of the Hutton soil form. 
The species which had the greatest effect on the separation 
of the red soils from the rest of the soils along axis 2 were the 
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Table 1 The percentage effect, as determined with 
stepwise multiple regression analysis, of selected 
herbaceous species on the positioning of plots along axes 
1 and 2 of ordinations representing plots on all the soil 
forms of Rhino Ranch, north-western Transvaal. (P-value: 
Probability value) 
Selected grasses and forbs analysed together 
Percentage effect P-value 
Species Axis 1 Axis 2 Axis 1 Axis 2 
All plots 
Eragrostis rotifer 22.6" 0.0001 
Diplachne eleusine 20.2" 0.0001 
Aristida adscensionis 8.0 0.0001 
Enneapogon cenchroides 7.1 0.0001 
Mariscus indicorus 7.1 0.0001 
Tragus berteronianus 6.9 1.0001 
Cenchrus ciliaris 6.4 0.0001 
Hermbstaedtia linearis 5.0 0.0001 
Chloris virgata 4.4 0.0001 
Gisekia africana 2.7 0.0001 
Panicum maximum 2.3 0.0001 
Eragrostis rigidior 1.7 0.0001 
Urochloa mosambicensis 1.5 0.0001 
Setaria verticillata 1.1 0.0001 
Melinis repens 0.9 0.0001 
pogonarthria squarrosa 0.6 0.0001 
Aristida congesta 0.6 0.0001 
Schmidtia pappophoroides 0.4 0.0001 
Bothriochloa radicans 0.2 0.0011 
All plots excluding pans 
Eragrostis rigidior 20.8" 0.0001 
Melinis repens 16.7" 0.3 0.0001 0.4576 
Panicun maximum 13.8" 0.8 0.0001 0.1950 
Schmidtia pappophoroides 11.9" 0.0001 
Tragus berteronianus 10.8" 1.4 0.0001 0.0837 
Melhania acuminata 9.1" 8.4 0.0001 0.0002 
Hermbstaedtia linearis 7.5" 4.3 0.0001 0.0045 
Hibiscus micranthus 7.4" 7.7 0.0001 0.0003 
Pogonarthria squarrosa 1.4 0.0932 
Momordica repens 0.5 8.3 0.l807 0.0002 
Evolvulus alsinoides 0.1 0.9326 
Solanum delagoense 16.7" 0.0002 
Bothriochloa radicans 15.6" 0.0001 
Eragrostis rotifer 14.8" 0.0001 
Indigofera nigromontana 7.1 0.0005 
Chloris virgata 5.4 0.0019 
Indigofera alternans 3.4 0.0104 
Seddera capensis 3.1 0.0145 
Aristida congesta 2.5 0.0254 
Urochloa panicoides 0.1 0.6374 
" Key ecological species. 
grasses Eragrostis rotifer and Bothriochloa radicans, and the 
forb Solanum delagoense (Table 1). All these species tended to 
favour the red soils (Figures 3 and 4). 
No correlation was found between the order of plots along 
axes 1 and 2 in Figure 2 and the parameters of canopy spread, 
total tree density, seedling tree density, distance of plots from 
permanent water and basal cover (Table 2). Had there been an 
obvious disturbance gradient from animal utilization, then 
some significant correlation would probably have existed 
between the order of plots and at least one of the above-
mentioned parameters (Thrash et al. 1991a, 1991b, 1993). The 
preference of certain herbaceous species in the Transvaal bush-
S.Afr.J.Bot., 1994, 60(4) 
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Figure 2 First and second axes of the Reciprocal Averaging 
Ordination of all sample sites on Rhino Ranch, north-western 
Transvaal, excluding sites on pans, using species frequency data 
collected during March/April 1989. (Eigenvalues: axis 1: 0.559; 
axis 2: 0.368.) 
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veld for either shady or open habitats could also have given 
rise to a canopy spread or tree density gradient (Smit & Reth-
man 1989). 
The dominance of soil property gradients in the reciprocal 
averaging ordinations with no indication of a grazing gradient, 
is contrary to the findings of Bosch and Janse van Rensburg 
(1987), Janse van Rensburg and Bosch (1990) and Nel et al. 
(1993), who all found clearly discernable grazing or degrada-
tion gradients in the ordination of the first two axes of plots 
sampled across different soil types. The dominance of only soil 
property gradients is possibly due to the severely degraded 
state of the vegetation across all the soil forms represented in 
the study area (Schmidt 1992). 
Species important in ordinating habitat types were referred 
to by Beckerling and Trollope (1992) as key ecological species 
because these species indicate the ecological status of a site. 
The above-mentioned species are therefore key ecological 
species in the identification of the major soil types in the study 
area when the vegetation is in a degraded state. 
In an attempt to identify gradients other than soil property 
gradients, the data for each soil form discerned in Figure 2 
were analysed separately. In these analyses, forbs were 
grouped together as a single species, as not enough degrees of 
freedom were available to carry out the stepwise multiple 
regression analysis when each forb was considered individual-
ly. This is because the number of independent variables 
(sr:ecies) exceeded the number of sample plots in the depend-
ent variable. 
Arcadia soil form 
The most noticeable feature of the ordination produced for this 
soil form was the division between black and red clay soils 
along axis 1 (Figure 5). The correlation analysis between the 
order of plots along axes I and 2 of the ordination and the 
environmental parameters measured at each plot revealed no 
other trends (Table 2). 
Table 2 The retationship between the distance of ptots from permanent water, canopy 
spread, total tree density, seedling tree density, soil type and basal cover (dependent varia-
bles) and the order of plots along axes 1 and 2 of the ordinations determined for each soil 
form and for the entire Rhino Ranch, north-western Transvaal (independent variables) 
(r: correlation coefficient; P-value: probability value) 
Axis 1 
Distance from permanent water 
Canopy spread 
Total tree density 
Seedling tree density 
Soil type 
Basal cover 
Axis 2 
Distance from permanent water 
Canopy spread 
Total tree densit y 
Seedling tree density 
Soil type 
Basal cover 
P "" 0.05 (significance level). 
r 
-0.39 
+0.44 
-0.17 
-0.02 
+0.30 
-0.12 
-D.06 
+0.09 
Arcadia 
P-value 
0.2154 
0.1676 
0.5849 
0.9541 
0.2253 
0.7080 
0.8405 
0.7737 
+0.46 0.1426 
+0.04 0.8625 
Soil form 
r 
+0.51 
-0.49 
-0.22 
-0.29 
+0.29 
-0.06 
+0.71 
+0.07 
+0.05 
-0.03 
Hutton 
P-value r 
0.0418* +0.22 
0.0494* -0.67 
0.3866 -0.57 
0.2636 -0.52 
0.1404 +0.23 
0.8098 +0.01 
0.0063* -0.09 
0.7758 -0.06 
Mispah 
Entire farm 
(excluding pans) 
P-value r 
0.3943 -0.17 
0.0094* -0.15 
0.0279* -0.10 
0.0428* -0.14 
0.70 
0.1850 0.23 
0.9772 
0.7411 
0.8198 
+0.15 
-0.12 
-0.21 
P-value 
0.2651 
0.3362 
0.5215 
0.3628 
0.0001 * 
0.1021 
0.8418 +0.01 0.9635 -0.25 
0.3237 
0.2664 
0.1757 
0.1029 
0.1247 
0.0023 0.8699 +0.40 0.0574 
+0.24 
+0.12 
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Figure 3 Changes in the abundance of several grasses along the soil texture (soil form) gradient on Rhino Ranch, north-western 
Transvaal. (Ab: Arcadia, black clay; Ar: Arcadia, red clay; H: Hutton; M: Mispah.) 
The species most important in determining the position of 
plots along axis 1 were Tragus berteronianus, forb species, 
Bothriochloa radicans and Chloris virgata (Table 3). Tragus 
berteronianus was abundant on the black clay soil while the 
other species were more abundant on the red clay soil (Figures 
3 and 4). 
As previously suggested, the dominance of soil property 
gradients and the absence of any utilization gradient along 
either of the ordination axes may possibly be due to the 
severely degraded state of the vegetation in the study area 
(Schmidt 1992). Although no gradients other than a soil 
property gradient were recognized, a positive correlation (P ~ 
0.05) was found between forbs and canopy spread (Table 4). 
Therefore, in a degraded habitat, an increase in bush density 
with an associated increase in canopy spread may lead to a 
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Figure 4 Changes in the abundance of several forbs along the soil texture (soil form) gradient on Rhino Ranch, north-western 
Transvaal . (Ab: Arcadia, black clay; Ar: Arcadia, red clay; H: Hutton; M: Mispah.) 
decrease in the grass component of the herbaceous layer and 
thus a reduction in the grazing capacity. 
Hutton soil form 
A trend (P ~ 0.05) III the distance of plots from permanent 
water could be detected along axis 1 of the ordination (Table 
2). No indication of a grazing or utilization gradient was, 
however, evident because Schmidtia pappophoroides and 
Panicum maximum species considered by Pauw (1988), 
Peel (1990) and Trollope (1990) to be decreaser species - did 
not have a significant positive correlation with the distance of 
plots from permanent water. 
A trend in canopy spread could be detected along axes 1 and 
2 of the ordination (Table 2). The species having the greatest 
effect on the position of plots in the ordination differed for 
axes 1 and 2 (Table 3). The variation along axis 1 was account-
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Figure 5 First and second axes of the Reciprocal Averaging 
Ordination of all sample sites on the Arcadia soil form of Rhino 
Ranch, north-western Transvaal, using species frequency data 
collected during March/April 1989. (Eigenvalues: axis 1: 0.529; 
axis 2: 0.382.) 
ed for by shade-independent species Aristida congesta and 
Melinis repens, while the variation along axis 2 was mainly 
acounted for by shade-dependent species Aristida adscensionis 
and Chloris virgata (Tables 3 and 4). 
No significant correlation could be found between canopy 
spread and the frequency of any decreaser species (Table 4). It 
would, however, be wrong to conclude from this that canopy 
spread does not affect the ecological condition of the vegeta-
tion on the Hutton soil form. The decreaser species Panicum 
maximum is known to prefer shady habitats in the Transvaal 
bushveld (Srnit & Rethrnan 1989). Probably the only reason 
why this species never showed a significant positive correla-
tion to canopy spread is because of the high grazing pressure 
on Rhino Ranch. Palatable species, such as Panicum maximum, 
were heavily grazed regardless of where they grew. The posi-
tive correlation between Chloris virgata and canopy spread and 
Aristida adscensionis and canopy spread may appear to be a 
negative factor affecting the ecological condition of the vegeta-
tion. However, it is probably preferable to have grasses instead 
of forbs dominating a severely' degraded environment. Grasses 
are available to grazers whereas forbs are mostly not, and the 
base of a grass plant usually provides more basal cover than 
that of a forb, 
Mispah soil form 
A significant trend (P :s; 0.05) in canopy spread, total tree 
density and seedling tree density could be detected along axis 1 
of the ordination (Table 2). No trends could be detected along 
axis 2. 
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Table 3 The percentage effect, as determined with 
stepwise multiple regression analysis, of selected herba-
ceous species on the positioning of plots along axes 1 
and 2 of ordinations representing plots on each soil form 
of Rhino Ranch, north-western Transvaal (P-value: prob-
ability value) 
Selected grasses and forbs analysed together 
Species 
Arcadia soil form 
Tragus berteronianus 
Forbs 
Bothriochloa radicans 
Chloris virgata 
Eragrostis rotiter 
Urochloa mosambicensis 
Enneapogon cenchroides 
Aristida adscensionis 
Cenchrus ciliaris 
Hutton soil form 
Aristida congesta 
Melinis repens 
Eragrostis rigidior 
Enneapogon cenchroides 
Forbs 
Urochloa panicoides 
Bothriochloa radicans 
Aristida rhiniochloa 
Eragrostis rotiter 
Schmidtia pappophoroides 
Chloris virgata 
Tragus berteronianus 
Panicum maximum 
Aristida adscensionis 
Mispah soil form 
Aristida congesta 
Eragrostis rigidior 
Schmidtia pappophoroides 
Melinis repens 
Forbs 
Bothriochloa radicans 
Heteropogon cOn/ortus 
Enneapogon cenchroides 
Pogonarthria squarrosa 
Aristida adscensionis 
Urochloa panicoides 
Eragrostis lehmanniana 
Panicum maximum 
... Key ecological species. 
Percentage effect 
Axis 1 Axis 2 
32.4* 
21.0* 
20.2* 
18.4* 
2.9 
2.6 
2.2 
0.2 
0.1 
35.1 * 
28.4* 
12.7* 
6.3 
5.0 
3.4 
3.4 
2.2 
1.4 
1.2 
0.5 
0.4 
0.0 
0.0 
32.8* 
17.3* 
16.1 * 
11.7 
9.4 
7.2 
2.6 
1.5 
0.5 
0.3 
0.3 
0.1 
0.1 
0.4 
0.2 
7.5 
0.1 
2.8 
0.2 
2.9 
0.1 
1.2 
0.3 
l7.6* 
13.5* 
0.2 
52.0* 
P-value 
Axis 1 
0.1420 
0.1745 
0.1782 
0.1860 
0.4099 
0.4246 
0.4499 
0.8702 
0.9831 
0.0966 
0.1072 
0.1586 
0.2197 
0.2439 
0.2882 
0.2914 
0.3486 
0.4179 
0.4359 
0.5918 
0.6252 
0.8538 
0.9540 
0.0337 
0.0613 
0.0653 
0.0869 
0.1049 
0.1308 
0.2707 
0.3716 
0.5723 
0.6770 
0.6931 
0.7668 
0.8134 
Axis 2 
0.6988 
0.8166 
0.3576 
0.9522 
0.5231 
0.8075 
0.5142 
0.9083 
0.6462 
0.7393 
0.2499 
0.2808 
0.8602 
0.1506 
The most important species affecting the position of plots 
along axis 1 were Aristida congesta and Eragrostis rigidior 
(Table 3). Both these species, which are increaser species, had 
a significant negative correlation with canopy spread and/or 
total tree density (Table 4). The only other species which had a 
negative correlation with canopy spread was the decreaser 
species Schmidtia pappophoroides which has a relatively high 
forage value (Van Oudtshoorn 1992). 
Although Panicum maximum, Urochloa panicoides and 
Bothriochloa radicans were not found to be important in the 
positioning of plots along axis 1 of the ordination, all these 
species , which have a relatively high forage value, were found 
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Table 4 The relationship between herbaceous species and the parameters canopy spread, 
total tree density, seedling tree density and the distance from permanent water on each soil 
form of Rhino Ranch, north-western Transvaal. Only statistically significant results are listed. 
(r: correlation coefficient; P-value: probabilityvalue.) 
Species 
Arcadia soil form 
Forbs 
Hutton soil form 
Chloris virgata 
Aristida adscensionis 
Mispah soil form 
Eragrostis rigUiior 
Aristida congesta 
SchmUitia pappophoroides 
Aristida adscensionis 
Panicum maximum 
Bothriochloa radicans 
Urochloa panicoides 
.. P "" 0.05 (significance level). 
Canopy spread 
r P-value 
0.69 0.0192* 
0.81 0.0002* 
0.73 0.0013* 
-0.41 0.1180 
-0.62 0.0111* 
-0.50 0.0485* 
0.34 0.1946 
0.50 0.0493* 
0.38 0.1524 
0.41 0.1171 
Parameter 
Seedling tree Distance from 
Total tree density density permanent water 
r P-value r P-value r P-value 
0.14 0.6830 -0.23 0.4908 -0.04 0.8993 
0.31 0.2444 0.33 0.2054 -0.52 0.0399* 
0.16 0.5655 0.22 0.4082 -0.33 0.2069 
-0.50 0.0484* -0.35 0.1786 0.14 0.6175 
-D.49 0.0500* -0.47 0.0662 0.34 0.1915 
-0.24 0.3700 -0.40 0.1228 0.57 0.0205 
0.49 0.0499* 0.38 0.1461 -0.21 0.4458 
0.60 0.0133* 0.55 0.0285* 0.24 0.3761 
0.33 0.2093 0.52 0.0378* -0.19 0.4841 
0.60 0.0148* 0.67 0.0046* 0.01 0.9704 
Table 5 Ecologically important species for Rhino Ranch, north-western 
Transvaal, and their significance as indicator species 
Species Soil form 
Aristida adscensionis Hutton 
Mispah 
AristUia congesta Hutton 
Mispah 
Bothriochloa radicans Arcadia (r) 
Mispah 
Chloris virgata Arcadia (r) 
Hutton 
Diplachne eleusine Arcadia (b) 
Eragrostis rigidior Mispah 
Eragrostis rotifer Arcadia (b) 
Arcadia (r) 
Forbs Arcadia 
H ermbstaedtia linearis Arcadia 
Hibiscus micranthus Mispah 
M elhania acuminata Mispah 
Melinis repens Mispah 
Panicum maximum Hutton 
Mispah 
Schmidtia pappophoroUies Mispah 
Solanum delagoense Hutton 
Arcadia (r) 
Tragus berteronianus Arcadia (b) 
to be positively correlated to canopy spread, total tree density 
or seedling tree density. Aristida adscensionis was the only 
increaser species which had a positive correlation with canopy 
spread. 
The implication of the above results is that under relatively 
shady conditions, Panicum maximum would be an indicator of 
Moist-
ure 
High 
High 
Indicator 
Canopy 
spread 
High 
Low 
High 
High 
High 
Low 
Tree density 
Total Seedling 
High 
Low 
High 
Low 
High High 
veld in a good condition while under more open conditions, 
Schmidtia pappophoroides would be the better indicator. For 
veld in an ecologically poor condition, Eragrostis rigidior and 
Aristida congesta would both be good indicators of this 
condition in open areas, while in a more shady environment, 
Aristida adscensionis would be a better indicator. 
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General discussion and Conclusions 
Soil type was the most important parameter affecting herba-
ceous species composition in the degraded environment of the 
study area followed by canopy spread and tree density. A 
grazing gradient could not be inferred from correlations 
between RA axis scores and the variables basal cover and the 
distance of plots from permanent water. In studies conducted 
over a wide range of veld condition states and soil characteris-
tics, in more mesic regions of southern Africa (Bosch & Janse 
van Rensburg 1987; Janse van Rensburg & Bosch 1990), 
grazing gradients were clearly discernable along the first axis 
of RA ordinations. It appears, therefore, as if the more 
degraded and dry an environment, the less pronounced the 
grazing gradient and the more pronounced the soil/habitat 
gradient. Caution must therefore be excersized in these regions 
when interpreting grazing gradients for the determination of 
the ecological status of herbaceous species. Cognisance must 
be taken of the fact that gradients are usually an interaction of 
several environmental parameters and that in degraded and dry 
environments, soil and habitat properties may well dominate 
the ordination. 
A list of ecologically important species for the study area, 
and their value as indicators of environmental conditions, is 
given in Table 5. These species could be useful indicators of 
habitats characterized by a combination of the soil types, bush 
densities and canopy covers found in the study area and could 
serve as useful indicators of range condition within these 
habitats. For example, in densely wooded areas on shallow 
Mispah soils, Panicum maximum would be an indicator of veld 
in an ecologically good condition, while in more open wood-
land on the same soil type, Schmidtia pappophoroides would 
be a better indicator. 
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